The dusty jovian ring system must be replenished continuously from embedded source bodies. The New Horizons spacecraft has performed a comprehensive search for kilometer-sized moons within the system, which might have revealed the larger members of this population. No new moons were found, however, indicating a sharp cutoff in the population of jovian bodies smaller than 8-kilometer-radius Adrastea. However, the search revealed two families of clumps in the main ring: one close pair and one cluster of three to five. All orbit within a brighter ringlet just interior to Adrastea. Their properties are very different from those of the few other clumpy rings known; the origin and nonrandom distribution of these features remain unexplained, but resonant confinement by Metis may play a role. P lanetary rings fall into two general categories: dense systems (exemplified by the main rings of Saturn) and faint, dusty rings (such as Jupiter's). The effects of plasma, electromagnetic perturbations, and solar radiation pressure limit the lifetimes of orbiting dust particles, so Jupiter's rings must be replenished continuously from a population of embedded "parent" bodies (1-3). Jupiter's moons Adrastea and Metis orbit within the main ring and are probably major sources of dust. However, spacecraft and Earthbased images have revealed a band of material 1000 km wide between the orbits of the two moons (3) (4) (5) ; this is likely the primary source population.
We used the New Horizons spacecraft to search for small moons in the main ring during its Jupiter approach, to better understand the relationship between the parent population and the prevalent dust. Adrastea (mean radius r = 8 km, semimajor axis a = 128,981 km) and Metis (r = 22 km, a = 127,980 km) are the smallest known inner moons, but the Long-Range Reconnaissance Imager (LORRI) was capable of detecting bodies just 0.5 km in radius. A comprehensive search was accomplished via two image sequences or "movies," in which LORRI targeted one tip of the ring and snapped an image every 8 to 10 min for a full orbital period (7.2 hours). The two movies comprised 49 images (designated 34600923 to 34629723) and 63 images (34742163 to 34779663), respectively, and were separated by 1.3 days. Exposure times were 3 s; pointing instability contributed a few pixels of smear to most images.
A co-added image (Fig. 1A) clearly shows the 1000-km-wide ring between the orbits of the two moons. Peaks in brightness are visible interior to Adrastea and exterior to Metis. A third enhancement appears just outside the orbit of Adrastea. The moons themselves occupy local minima in ring density, but these regions are not empty. This same triple-peaked pattern was first imaged by the Galileo spacecraft (3) but with lower signal-tonoise ratio (SNR). This pattern describes the locations of parent bodies; the ring looks radically different at high phase angles (Sun-ring-observer angles) (Fig. 1, B and C) , which emphasize the tiny dust particles in the system. Here, the finer structure disappears, and the main ring extends inward~6000 km (6, 7) , indicating that the dust grains are dispersed primarily inward from their point of origin.
To search for new moons, we extracted a sequence of thin strips from each frame, in which polar coordinates in the ring plane were reprojected into a rectangular grid. Strips were generally 4000 km wide radially and were generated at overlapping 2000-km steps. Pixel resampling was 0.1°to 0.2°in longitude (horizontally) and 100 to 200 km radially (vertically). Strips from the same radial range of each movie frame were then stacked vertically into a single image. At this step, we rotated longitudes to a common epoch, using the mean motion for a body orbiting at the central radius of each strip. Thus, any object on a circular, equatorial orbit should appear aligned vertically at the same "rotating longitude" in adjacent strips and can be distinguished from the prevalent but randomly located background stars.
A set of unexpected features appeared ( Fig. 2) : two families of clumps within the main ring. Family "a" comprises three distinct features plus two more marginal ones; family "b" comprises two features separated by 2°in longitude. Both families are surrounded by a general brightening within several degrees of longitude. The clumps can be distinguished from moons because they have longitudinal extents~0.1°to 0.3° (Fig. 3) , which is larger than can be accounted for by image smear or resolution limits.
The brightest clumps are seen clearly in both ring movies, providing a time baseline sufficient to determine their orbits with reasonable precision ( Table 1) . The brightest features, designated a1, a3, and b2, are two to three times as bright as the local ring, with integrated intensities~1% that of Adrastea. If they are composed of material with similar albedo (5%), then each has a cross section that is equivalent to a moon~1 km in radius. Based on the orbits, the clump families should have appeared repeatedly in outbound images taken a few days later, with phase angles 130°to 160°. The clumps are undetectable in these images, at sensitivity levels~10% that of the main ring. Because the clumps are subtantially less forward-scattering than the main ring, they must be primarily concentrations of larger bodies, not dust.
No other moons or clumps were detected. The first ring movie was longitudinally complete between radial limits 104,000 to 185,000 km and was sensitive to moons 1 km in radius and larger. The second movie had narrower limits of 108,000 to 154,000 km and was sensitive to moons with r = 0.5 km. Our results reveal a marked truncation of the size distribution of moons in the inner jovian system. For comparison, until 2005, the smallest known regular satellite of Saturn was Calypso at r = 11 km. The Cassini mission has now revealed Daphnis at r = 6 to 8 km (8); Polydeuces, Pallene, and Methone each at r = 3 to 4 km (9); and Anthe (S/2007 S 4) at r1 km (10) . Clearly, the population of saturnian moons shows no abrupt cutoff.
The large gap between 8-km Adrastea and our 0.5-to 1-km radius limit is therefore unexpected; it certainly violates our experience that astrophysical ensembles should follow power-law size distributions, with increasing numbers at smaller sizes. Two interpretations can be proposed. First, some models suggest that smaller bodies in planetary systems may have briefer lifetimes than larger ones against collisional disruption (11) , although this assumes a steep size distribution of the incoming impactors. Alternatively, if micrometeoroid erosion plays an important role in the jovian ring (2), then this The latter shows what appears to be a pointlike object near the tip of the ring, along with associated clumps a2 to a5. However, the longitude scale is less compressed as a1 approaches the tip (A), and it appears as an extended arc~0.1°long. 
Downloaded from
process can act to truncate the size distribution. In erosive processes, dr/dt is a constant, independent of r. Hence, in the same time that Metis shrinks from r = 27 to 22 km, all 5-km bodies in the system would vanish (Fig. 4) . This explanation requires that reaccretion be negligible, which is reasonable so deep inside Jupiter's Roche limit.
Earlier images from Voyager and Galileo showed longitudinal asymmetries on a scale much larger than the tiny clumps found by New Horizons (6, 7, 12) . The absence such large features in the recent data is puzzling; perhaps seasonal or other time-scale variations play a role. Cassini images found one hint of smaller-scale clumping in the jovian ring (13) . An arc~8°in length appeared near the outer edge of the rings in three low-phase images, leading Adrastea at the time by~4°. The epoch was~0:00 UTC on 13 December 2000. We can extrapolate our clump motions backward for the intervening 2265 days to determine that features a and b fell 232°± 39°and 226°± 72°ahead of Adrastea (14) . Unless unknown orbital perturbations are at work, these families can both be ruled out as the feature imaged by Cassini; apparently, that feature no longer exists. Cassini's images had lower resolution and SNR, however, so we cannot rule out a and b as long-lived features that were too small for Cassini to detect.
The presence of these clumps challenges our theoretical understanding. By Kepler shear, a 1-km-wide clump at a's orbit will spread 5.1°in 1 year; this distance is far larger than the few tenths of a degree of individual clumps. This leaves two alternatives: either the clump families are young or they are actively confined. Transient features could be explained by impacts from meteoroids or by collisions among the ring members. If the clumps are spreading, then this would provide an unambiguous indicator of their youth. Of the two clumps with best-determined orbits, a1 and a3 (Table 1) , the leading clump appears to be moving slightly faster, suggesting that they might have emerged from a single point~90 days before the flyby. However, the mean motions are too uncertain to rule out a much longer lifetime. Of course, a recent impact should generate substantial dust, such as is widely seen in Saturn's F ring (15) (16) (17) (18) , but Jupiter's clumps are not dusty. Also, an impact would be expected to produce one broad arc rather than the multiple, seemingly uniformly spaced clumps seen in the a family.
Alternatively, the 1.8°periodicity of clumps in group a is suggestive of a resonant confinement mechanism, perhaps comparable to Galatea's effects on the Adams ring of Neptune (19, 20) . Metis' resonances probably dominate; although it orbits three times as far away from the clumps as Adrastea, Metis is~20 times more massive. Notably, Metis' 115:116 corotation inclination resonance falls at 128736.9 km, just 0.8 km from the orbit of the a family. Also, its adjacent 114:115 resonance falls at 128743.6 km, which is 0.6 km from the orbit of the b family.
With 6.7 km between resonances, the probability that both families would fall so close to resonant locations by random chance is 4% (although the orbits have relatively larger uncertainties). However, these resonances are expected to confine material at intervals of~180°/115 = 1.56°, which does not match the observed clump spacings. Nevertheless, the clumps in Neptune's Adams ring also do not show the predicted periodicities, suggesting that our understanding of resonant confinement remains incomplete.
The jovian ring's large-scale asymmetries have now vanished, but different, much smaller structures have been revealed. This follows upon observations that the radial structure of Saturn's equally faint D ring has changed radically in the past 25 years; some features have faded and spread, whereas other regions show entirely new structure (21) . Similarly, the uranian z ring has recently been found to have shifted radially since the 1986 Voyager flyby (22) . We conclude that the general class of dusty rings may be much more dynamic and time-variable than was previously supposed, with variations on 10-to 20-year time scales not the exception but the norm.
